In the last few decades, metallic reinforcing elements of elastomeric articles have become as common as textile cord and fabrics. In this capacity, use is normally made of steel reinforcement, but the elastomer composites may have a different composition. The most commonly encountered combination is the bonding of rubbers based on polyisoprene to brass-coated steel, since radial tyres with metal cord in the breaker, and often in the carcass, have now become the most mass produced type of rubber-metal product. This type of rubber-metal composite includes bead rings, tyre valves of all designs, and also other mechanical rubber goods. The bonding of rubber to metal is one of the most complex problems, since in this case materials of completely different kind and having no affi nity for each other, and in addition differing in modulus, come into contact. Of all known bonding methods (by adhesive, an ebonite layer, etc.), for a rubber-metal cord system the only practically applicable method is the introduction into the composition of the rubber of special additives -adhesion promoters -combined with brass coating (or, much more rarely, zinc or bronze coating) of the surface of the metal. Only in this case is the region of adhesive contact least subject to random adverse effects in the process of product manufacture and best protected against different types of ageing during service.
It is clear that the problem of improving the effectiveness of bonding of rubber to metal cord can be solved by two methods: by improving the composition and quality of the brass coating of the steel wire and by developing new rubber to metal cord adhesion promoters. The fi rst approach was in due course suffi ciently well covered in the literature [1] , but its practical implementation remains a matter for the future [2] . In the former USSR, only at the Belorussian Iron-and Steelworks was the process of manufacturing metal cord with a reduced copper content in the brass coating assimilated, and a new method tested for producing a brass coating alloyed with nickel [3] . At the same time, rubber to metal cord adhesion promoters are now used extremely widely, and, although there have been no revolutionary changes either in the composition of such products or in the interpretation of the mechanism of their action in the past 10-15 years, it is necessary to generalise the information accumulated since the time of publication of the most informative reviews on the given problem [3] [4] [5] .
MECHANISM OF BONDING OF METAL CORD TO RUBBER AND MAIN FEATURES OF FORMULATION OF COATING RUBBERS
The main concepts concerning the mechanism of bonding of rubber to brass-coated metal cord were formulated in the 1980s [6] [7] [8] and developed slightly later [5, 9, 10, etc.] . In brief, they can be formulated in the following way: the non-stoichiometric copper sulphide Cu x S, where x approaches a value of 2, but is not equal to 2, is responsible for the formation of a strong rubber to brass adhesive bond that is resistant to different effects. If sulphides of a different composition are formed, the bond strength decreases sharply, but, if the amount of Cu x S formed is too great, the bond is likewise weakened. Thus, the rubber to metal cord bond strength is maximum when a thin and mechanically strong layer of Cu x S is formed on the surface of the brass layer in an optimum amount. Its formation occurs in the boundary layer of the rubber with the brass as a result of the interaction of copper ions, transferred by different complexing agents from the brass layer (chiefl y from the oxide layer over the surface of the brass proper) into the mass of the rubber, with molecular or activated sulphur. The presence in the composition of the rubber of compounds capable of forming complexes with copper should affect the bond strength in a complex way. The formation of strong complexes that do not break down under the action of sulphur is undesirable, since it leads only to corrosion of the brass layer without any signifi cant formation of sulphides. Weak complexes, on the other hand, are the main means of transport of copper into the rubber, and here the strength of the complex determines the depth of penetration of copper into the rubber; with a high concentration of complexing agent, copper sulphides may be formed in an excess quantity not only on the surface of the brass but also in the mass of rubber itself.
Thus, for a copper sulphide layer of optimum composition and properties to be formed, complexing agents of average activity, and in optimum concentrations, must be present in the rubber. Only vulcanisation accelerators are usually regarded as complexing agents, but this role can also be played by certain other ingredients, in particular antiagers and components of modifying systems. Consequently, small changes in the formulation of coating rubbers for metal cord can have a serious effect on the adhesion characteristics of the composite. Vulcanisates for the coating of metal cord contain only isoprene rubber (in Russia mainly synthetic), and more rarely a blend of rubbers, but it is essential that the content of polyisoprene, preferably natural rubber, is high [11] . Such vulcanisates contain a large amount of sulphur (>5 parts in terms of pure sulphur) and a comparatively small amount of accelerator. Almost exclusively, only sulphenamides (sulphenamides T and M (N-oxydiethylene-2-benzthiazyl sulphenamide), and much more rarely sulphenamide Ts (cyclohexyl-2-benzthiazyl sulphenamide); sulphenamide 2Ts is considered to be promising) are used as accelerators. Their transformation products possess the optimum complexing activity in relation to copper ions [5] .
It is assumed [7] that strong adhesion of the brasscoated metal cord and rubber occurs owing to mechanical fi xing of the rubber between Cu x S grains. However, this alone cannot ensure high rubber to metal cord bond strength, since, during the service of an article containing a rubber-metal cord system, non-stoichiometric Cu x S is converted into stoichiometric copper sulphide Cu 2 S which has an acicular structure with a more pronounced relief than Cu x S. Such a structure of Cu 2 S should have been favourable to fi xing of the rubber within it, but the sharp reduction in rubber to metal cord adhesion seems to be due to the inability of Cu 2 S, in contrast to Cu x S, to form donor-acceptor bonds [12] .
Thus, the rubber to brass bond strength is dependent upon the formation in the region of contact of nonstoichiometric copper sulphide Cu x S [5, 12] . The amout of Cu x S formed on the surface of the brass depends on the thickness of the zinc oxide fi lm. In the complete absence of this layer, or with a layer of small thickness, zinc sulphide formation predominates during vulcanisation, since zinc is sulphided much more readily than copper. If the thickness of the zinc oxide layer is too great, it is diffi cult for the copper ions to diffuse to the surface, which likewise leads to a shortage of copper sulphide at the phase boundary and, consequently, to low bond strength between the rubber and the metal cord. An insuffi cient amount of copper in the zinc oxide layer also leads to a reduction in the amount of Cu x S on the surface. This can be caused by oxidation of the surface of the brass during incorrect transportation and failure to maintain proper storage conditions, when, owing to the low ambient temperature, the diffusion of copper into the rapidly formed zinc oxide layer proceeds very slowly. The optimum combination of properties that ensures high cohesive strength of the boundary and transition layers of the rubber is achieved with a high degree of crosslinking of the transition zones, a low content of coordination compounds of copper, a high sulphur concentration, and a low degree of oxidation of the boundary layers of the vulcanisate. Nonetheless, it is not possible to create really strong and, most importantly, stable adhesion between the metal cord and rubber only by changing the content of the normal rubber mix ingredients. It is necessary to use specifi c additives that improve these characteristicsadhesion promoters. Over the long history of improvement in rubber-metal composites, many types of additive of this kind have been proposed, belonging to different classes of chemical compounds: natural and synthetic resins, resin-forming substances, nitrogen-and halogencontaining compounds, and many others. However, the most effective type of adhesion promoter remains compounds of variable-valency metals, primarily cobalt. It has been established that the role of cobalt-containing adhesion promoters in increasing the adhesion properties consists in modifying copper sulphides with cobalt sulphide; here, there is an increase in the mechanical strength and stability of the interphase sulphide layer [9] . Cobalt ions, penetrating into the zinc oxide layer on the surface of the brass, lower its ionic conductivity; this leads to a reduction in the diffusion of copper and zinc ions into the region of contact of the brass with the rubber and, on account of this, to the formation of loose and inactive sulphide forms [12, p. 65] . A positive infl uence in this case is rendered by practically all known cobalt compounds, including those insoluble in rubber mixes, including powder of the pure metal, but the effectiveness of these additions is dissimilar.
It is known [13] [14] [15] that all existing types of adhesion promoter based on variable-valency metals increase the bond strength in rubbers only when sulphur accelerating systems are used; in peroxide vulcanisation rubbers their presence does not ensure strong adhesion. It is obvious that, in the presence of adhesion promoters, the process of sulphiding of brass is the main process for the achievement of high adhesion. The role of adhesion promoters may be indirect, i.e. they take no direct part in the formation of an interphase bond and only affect the nature of the sulphides formed; in connection with this, there is no need to introduce promoters directly into the region of contact of the rubber and the copper sulphide. It was established [16] that blends containing adhesion promoters are characterised on the one hand by the rapid start of formation of a region of copper sulphide, outstripping the vulcanisation process, and on the other hand by the relatively slow growth of a sulphide layer in their presence during ageing. The interaction between Cu x S and the rubber increases if the growth of sulphides outstrips the vulcanisation process, since at this point the composite comprises a still viscoelastic liquid, which is readily and irreversibly deformed and penetrates into the copper sulphide layer formed. After the start of vulcanisation it is already in a rubbery (high-elastic) solid state and cannot fl ow into the relief of the metal cord. It was shown that, in the process of ageing, the growth of sulphides has a more pronounced nature in specimens not containing an adhesion promoter. This, it seems, explains the reduction in bond strength under these conditions, since it is well known that an excess amount of sulphides after vulcanisation forms a loose fi lm with low mechanical strength, which can lead to a sharp reduction in rubber to metal bond strength. In this way, it seems, such an aspect of the action of cobalt-containing adhesion promoters as suppression of the growth of copper sulphide during ageing is also possible [16] ; thus, in particular, adhesion promoters based on inorganic cobalt compounds are effective [5] . A curious observation is made in patent [17] . It turns out that, in the complete absence of moisture, traditional systems of rubber to metal bonding are ineffective, and in certain cases it is necessary to introduce water specially, although in very small quantities. For Russia, where an excess moisture content of rubber mix components is customary, this has no practical signifi cance but is extremely interesting for determining more precisely the mechanism of the processes occurring in the region of adhesive contact, since known theories of formation of adhesive joints do not explain such an effect.
COBALT-CONTAINING ADHESION PROMOTERS
The effectiveness of metal compounds in the process of the vulcanisation bonding of rubbers to metal cord is determined not only by the nature of the metal cation but also by the properties of its counterion. The greatest effectiveness of adhesion promoters is ensured with minimum activation energy of sulphide formation during interaction with the vulcanising group, minimum corrosion activity in relation to the zinc oxide fi lm on the surface of the metal cord, and the ability of the promoters themselves to infl uence positively the properties of the rubbers or the rubber to metal cord adhesion [5] . Depending on the chemical structure of the counterion in the promoter, it can act as an activator, an accelerator, or a retarder of vulcanisation, and so on.
The main type of adhesion promoter used in practice is an organic compound with an M-O bond. It is known that the effectiveness of using the given products increases with an increasing positive induction effect of substituents in the b-position (M-O-R). Therefore, increase in the number of carbon atoms in the chain of carboxylic acids and the presence in the composition of the hydrocarbon residue of unsaturated bonds and benzene rings with a positive inductive effect lower the metal to acidic residue bond strength, creating favourable conditions for the formation of sulphides. Here, the weaker the M-O bond, the greater is the stability, and the lower is the corrosion activity possessed by the acid released [5] .
A comparative analysis of the activity of metal salts as adhesion promoters indicates that the activity of the metal increases in the following order: salts of saturated acids < salts of unsaturated acids < naphthenates < resorcinates < phenolates < acetyl acetonates [8, 18] .
A study of the effect of cobalt salts (boroacetate, naphthenate, stearate) showed that the adhesion properties of the rubbers improve with increase in the metal concentration to 0.16 parts, and here it is the use of cobalt boroacetate that makes it possible to obtain an adhesive bond with the best properties, both before and after ageing, in comparison with other salts. With a higher content of cobalt salts, the adhesion properties of the vulcanisates decrease during ageing [19] . In the presence of stearate there was an increase in the degree of corrosion of the brass, leading to predominantly adhesive failure of the joint, but the addition of naphthenate in this case again made it possible to reduce adverse effects.
In a number of cases, the effectiveness of cobaltcontaining adhesion promoters is increased by introducing complexing additives into the rubber, for example salts of ethylenediaminotetraacetic acid, organic orthophosphates, etc. [20] .
The range of adhesion promoters based on cobalt compounds was mainly established in the 1980s and 1990s and has been described fairly comprehensively [5, 21] . Most commonly used at present are products under the trade name Manobond (mainly containing boron), which are characterised by greatest effectiveness but highest cost, naphthenates, and also compounds of cobalt stearate, which are signifi cantly less effective but comparatively inexpensive and convenient to use.
Among [22, 23] . Products based on cobalt salts of polymerisation rosin with additions of boric acid and paraffi n have also been developed. In the presence of the given promoter, rubber mixes possess increased resistance to wet ageing, and in terms of their combination of adhesion properties they are not only not inferior to mixes with cobalt naphthenate but are superior to them in terms of their initial level of bond strength [24] . In the presence of resin acids and their derivatives, there is an increase in the activity of the traditional adhesion promoters, including those of an inorganic nature [25] .
Rubbers containing cobalt salts of maleic acid amide are characterised by increased ageing resistance of the adhesive bond with metal cord [26] .
The use of Co(II) carbosilicate as an adhesion promoter makes it possible to produce rubbers with high physicomechanical properties, on a par in adhesion characteristics with rubbers containing Manobond 680S [27] . Comparative tests of cobalt-containing promoters showed that the use of Co(II) acetyl acetonate ensures high bond strength after steam and air ageing, while cobalt salt of 8-hydroxyquinoline improves the bond strength before and after heat ageing by comparison with cobalt naphthenate and Manobond 680S [28] .
Adhesion systems containing metal acrylates ensure a high level of adhesion before and after ageing (heat, salt) of rubber-cord composites [29] .
Rubber mixes produced in the presence of sulphur and complex compound I have a high vulcanisation rate, good initial adhesion to metals, and good heat ageing resistance of the adhesive bond [30] .
with the indicated elements), which makes it possible to assume that boron is not a unique "alloying" element, and that studies in this direction may also be promising.
ADHESION PROMOTERS BASED ON COMPOUNDS OF OTHER METALS
The use of compounds of other metals instead of cobalt remains an open question that has chiefl y an underlying economic motive. This question is invariably on the agenda every time the cobalt price increases, but to date a worthy alternative to cobalt compounds has not been found. In second place after cobalt in terms of activity come analogous nickel compounds, on account of which they are used occasionally in different countries, including Russia, but hitherto no effective form of application of nickel in rubbers has been found. Even in boroacetate form, nickel is considerably inferior to the cobalt-containing analogue -Manobond S-16 [33] .
It is assumed [34] that the difference in behaviour between nickel salts and the corresponding cobalt salts is determined by the weaker reducing properties of nickel, resulting in its stronger bond with an organic ligand. Nickel derivatives form sulphides with greater diffi culty, on account of which they have less infl uence on the rubber to metal cord adhesion and on the kinetics of vulcanisation.
As an adhesion promoter it has also been suggested that nickel hexamethylenebis(thiosulphate) be used [35] [36] [37] . In its presence, the corrosive effect of stearic acid on the surface of the brass is inhibited almost entirely, which ensures high bond strength after ageing. Hitherto, nickel compounds have not been widely used as adhesion promoters, chiefl y on account of their lower activity by comparison with cobalt compounds. However, available information indicates that, when nickel is combined with cobalt in a molecule, especially with a predominance of the latter, it is possible to produce adhesion promoters that are superior to analogous cobalt compounds, especially under heat ageing conditions [38, 39] . According to data given in [40] , in the form of acetyl acetonate, nickel is not only not inferior to cobalt but is even superior to it. Products based on nickel p-aminobenzoate are fairly effective [41] . Nickel salts may prove to be more effective when used in rubbers based on synthetic polyisoprene by comparison with natural rubber [42] . Resins based on wood and tall rosin also raise the effectiveness of nickel compounds [43] .
Under certain conditions, bismuth compounds also prove to be effective [44] .
ADHESION PROMOTERS CONTAINING BORON
The positive effect of boron compounds on the rubber to brass coated metal cord bond strength has long been A high effectiveness is possessed by cobalt-containing compounds of aluminium, silicon, zirconium, and titanium, produced by the interaction of known cobalt salts with corresponding organometallic compounds, and also their nickel analogues. They are markedly superior to Manobond under all ageing conditions [31, 32] . In structure, such compounds are actually analogues of Manobond (with replacement of the central boron atom R-R''' = alkyl, cycloalkyl known; thus, as far back as 1977, the company Mahchem patented the boron-containing product Manobond S-16 (cobalt borate carbosilicate) [5] . Researchers either made no attempt to explain the effects observed or they attributed them to the anticorrosion activity of such compounds or to their infl uence on secondary and minor processes, for example, processes of resin formation [5] . Only at the very end of the twentieth century was due attention paid to the mechanism of action of boron compounds in rubber-cord systems.
Borate carbosilicates form sulphides more rapidly than analogous salts of carboxylic acids, which results in better protection of the adhesive joint against the action of corrosive media [45] . It is known that, during vulcanisation, boron compounds inhibit corrosion processes at the phase boundary [46] ; furthermore, the presence of boron in the sulphide layer at the phase boundary confi rms the possibility of boron interacting with sulphur-containing substances [47] .
It is known that the use of adhesion promoters that contain boron as well as cobalt compounds makes it possible to achieve high adhesion and a high degree of coating of cord in the rubber-brass joint by comparison with such compounds as cobalt naphthenate and stearate, especially under ageing conditions [48] . In the patent literature there are repeated examples of how the addition of inorganic compounds of boron (borax (sodium tetraborate), boric acid, or zinc borate) to an adhesion system containing cobalt improves considerably the adhesive properties in comparison with compounds not containing boron. However, such inorganic compounds of boron have an adverse effect on the mechanical properties of the vulcanisates. In particular, this leads to a reduction in the modulus, which is extremely undesirable, especially in breaker composites. However, it has been shown that organic borates do not have a similar effect on vulcanisates [48, 49] . The best properties among the products of this class are possessed by compound II.
of boron increases considerably the resistance of the rubber-brass system under conditions of steam and air ageing (120°C, 2 and 4 days), ensuring in this case the greatest degree of coating of the cord, and here the best strength properties were able to be achieved with a cobalt-to boron-containing products ratio of 1:1. A study has also been made of a cobalt-boron complex in a quantity of 0.44 parts (cobalt concentration 0.1%) in comparison with blended products -a complex of cobalt and boron (0.22 parts) + borate (0.55 and 1.0 parts). It was shown that the best rubber to brass bond strength values both before and after ageing are achieved in a system containing a complex of cobalt and boron (0.22 parts) + borate (1 part). It was shown that, when an organic borate is added, the cobalt content in the promoting system can be halved while retaining the level of the adhesion properties. It was also shown that the use of an organic borate together with widely used adhesion promoters (Co naphthenate and stearate) makes it possible to improve considerably the resistance of the adhesive bond under conditions of steam and air ageing with a higher degree of coating of the cord with rubber by comparison with analogous systems not containing boron [48] . A study was made of the effect of cobalt boroacetate in the rubber mix on the physical properties of the rubber and on the adhesion properties of the rubber-brass system. It turned out that the addition of cobalt salts (up to 1.5 parts) increases considerably the strength of the adhesive bond and the degree of coating of the cord, without affecting the physical properties of the vulcanisates. Systems with a salt content of >1.5 parts are characterised by low adhesion after ageing, and here the specimens fail fairly readily, which is due to change in the structure of the rubber-brass interphase layer [50] . is obtained, the introduction of which into the rubbers in a quantity of 0.1-0.5 parts ensures good adhesion to brass, especially after ageing in the presence of moisture [21] .
The changes occurring during wet ageing of adhesive joints of rubber with brass in the presence of boron compounds (produced by the interaction of boric acid and neopentyl glycol) were studied in [51] . It was shown that the addition of an organic borate to an adhesion system containing cobalt improves the rubber to metal cord bond strength after all types of ageing, most signifi cantly after steam and air ageing. During vulcanisation, adhesive additives (cobalt and boron compounds) accumulate in the interphase layer, the thickness of which (about 100 nm) is not dependent on the presence of boron in the rubber, and here the cobalt Investigations have been carried out that make it possible to determine the optimum ratio of components of the promoting system. It was shown that the addition of boron compounds has no signifi cant effect either on the strength of adhesion before ageing or on the degree of coating of the cord. However, the addition content in a specimen containing boron is considerably higher than in the absence of boron. In the remainder, the composition and morphology of specimens before ageing are similar, and accordingly they differ little in rubber to cord bond strength (350 N (without boron) and 380 N (with boron)).
After ageing, the structure of the interphase layer and the properties of the rubber-cord system change sharply. In the presence of cobalt alone, there is a reduction in the thickness of the brass layer and growth of the interphase layer, whereas in a specimen containing boron the interphase layer becomes thinner and more homogeneous. In the presence of boron, the "dip" in the copper concentration at the boundary of the interphase layer that is characteristic of rubber-cord systems [52] , even in the presence of cobalt compounds, is not observed. The formed layers of zinc oxide and sulphide and copper sulphides are stronger than in the absence of boron. The cobalt concentration in the interphase layer and after ageing in specimens containing and not containing boron compounds is different. Accordingly, the values of the rubber to metal cord bond strength and the resistance to ageing (120°C) differ appreciably ( Table 1) .
When the obtained data were compared with the results of investigations of specimens not containing adhesion promoters, it was concluded [51] that failure of the adhesive joint occurs in a region depleted of copper sulphides and rich in zinc oxide. It is assumed [51] that the formation of excess zinc oxide can be effectively suppressed and at the same time the content of copper/cobalt sulphides can be increased only if cobalt and boron compounds are combined, whereas cobalt alone is insuffi cient for this; the role of cobalt consists primarily in inhibiting corrosion.
Thus, important confi rmation has been obtained of the well-known fact of increase in bond strength in the presence of boron compounds [5] , and here it becomes clear why its positive infl uence takes effect mainly after wet ageing [21, [48] [49] [50] .
Boron compounds have performed best on account of their high effectiveness and simplicity of application, and are now being used by producers of adhesion promoters throughout the world, including in Russia.
USE OF COMPOUNDS OF VARIABLE-VALENCY METALS TOGETHER WITH RESIN-FORMING SYSTEMS
Natural and synthetic resins are widely used in the formulation of coating rubbers; they have long been used to increase rubber to metal bond strength. It is no surprise that, immediately after the appearance of adhesion promoters based on salts of variable-valency metals, they began to be used together with different resins (primarily, phenol-and resorcinol-formaldehyde resins, and also aminoaldehyde resins) and resinforming systems, for example modifi er RU.
Resins formed in the rubber or introduced in fi nished form migrate towards the surface of the brass and to some degree can protect it from wet corrosion. Furthermore, such resins are complexing agents for zinc, copper, and cobalt ions, which can have a favourable effect on the resistance of the adhesive bond to heat ageing processes [15] .
With the combined use of cobalt-containing adhesion promoters and resin-forming systems it proved possible to produce vulcanisates with higher modulus values, including in the weakened transition zones normally responsible for failure of composites [9] .
When the properties of systems of the HRH type (resorcinol-methylene group donor-silicic acid) containing hexamethylenetetramine (HMTA) and hexamethoxymethylmelamine (HMMM) were compared it was established [53] that both systems show excellent resistance of the adhesive bond to heat ageing processes, but at the same time are very sensitive to processes of ageing in salt solution. An adhesive bond produced in the presence of HMMM is less sensitive to processes of overvulcanisation and more stable under conditions of steam and air ageing, in contrast to a system containing HMTA which under these conditions loses about 80% of its strength owing to the splitting out of ammonia which breaks the Cu-S bond. The use instead of HMTA of substituted melamines, primarily HMMM, is also more desirable on account of the lower toxicity of the decomposition products of HMMM [53] . A special place is occupied by disulphide-containing resins and resin-forming additions, in the presence of which it is possible to produce a specially stable adhesive bond. When alkylphenol disulphide was used as an additive to a cobalt-containing product [54, 55] , it proved possible to obtain systems that were more effective than Manobond-type adhesion promoters. The effectiveness of such systems can be increased additionally by using hexachloro-p-xylene as an activating additive [56] .
A similar effect of increase in the effectiveness of cobalt-containing adhesion promoters can be obtained in the presence of alkylresorcinol disulphide (product Tiarez) recommended for use in breaker rubbers [57] .
As an effective additive to cobalt-containing compounds that makes it possible to lower the cobalt concentration in the system, it was also suggested that use be made of polysulphide oligomers (thiokols), which have a favourable effect not only on the adhesion properties but also on the strength properties of rubbers before and after different types of ageing [58, 59] . Together with cobalt compounds it is possible to use tanning substances, for example digallic acid, in a quantity of up to 10 parts in the presence of strongly basic calcium compounds [60] .
The use of HMTA in rubbers for the coating of metal cord is undesirable on account of the shorcomings noted above. In world practice it has not been used for a long time and has been replaced by melamine derivatives, primarily HMMM [5] . For Russian industry it is promising to use an HMMM analogue produced in Russia under the name vigomelin. Worldwide, however, the use of resorcinol in such rubbers has begun to be abandoned by replacing the methoxymethylmelamines condensed under vulcanisation conditions with resorcinol with polymerisable derivatives of melamine and its analogues which form resins that have similar properties or are even superior to traditional systems but do not require the use of expensive resorcinol which is poorly distributed in rubbers and has an adverse effect on most of their properties [61, 62] . It is also possible to use novolac resins modifi ed with urethanes as resin-forming additives [63] .
The use of salts of resin acids as adhesion promoters has already been mentioned above. It turns out that the combined use of compounds of variable-valency metals with rosin and modifi ed resins based on it is fairly effective, including with the use of inorganic salts of cobalt and even nickel [64] .
PRESENT STATE OF ADHESION PROMOTER MARKET
In Russia, the production of cobalt-containing adhesion promoters has long been absent, and imported products, mainly different Manobond grades and cobalt naphthenate, have been used. The fi rst of the Russian products produced in signifi cant quantity was Disolen K, which is based on a mixture of cobalt and zinc stearates [65] . This product did not conquer the market on account of its inadequate effectiveness, but it continues to be produced today. The adhesion promoter market is now oversaturated as regards the number of products produced and supplied by different organisations, but in the main these are products of low quality [66] , which is connected either with the inadequate stability of their composition [67] or with their initial imbalance. Thus, most cobalt-containing products produced in Russia are based on salts of higher fatty acids of saturated or unsaturated series, which are known to possess the lowest activity [5] . A considerable number of proposed products have thus not gone beyond the stage of trial development [68] [69] [70] [71] . It is obvious that, in the near future, either the appearance on the market of Russian adhesion promoters capable of competing with imported adhesion promoters not only in price but also in quality or fi nal switching to imported feedstock is to be expected.
